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centrifugal force of the revolving weight, however, would not be confined to the direction of oscillation, so that if such a weight be used to balance the piston, it will introduce an equal force at right angles to the direction^ of oscillation. Thus if weights be added to the driving wheels of a locomotive of such magnitude as to balance not only the weights of the cranks, but also weights equal to the connecting rods and pistons, having their centres of gravity in the crank pins, the only horizontal forces will be those which arise from the effect of the obliquity of the connecting rods on the motion, while vertical forces will have been introduced nearly equal to what the horizontal forces arising from the pistons and connecting rods would have been. The effect of smaller balance weights is to leave more of the horizontal forces unbalanced, and introduce less vertical force. Such is a sketch of what may be called the practical possibilities of balancing machines, which, like a steam engine, involve oscillating pieces.
There will, therefore, always be disturbances in the frame, unless they are prevented by the strength of the supports, but it is possible to so arrange counterweights as to mitigate these forces in one direction by introducing equal forces in a direction at right angles. The problem as to how far it is desirable to do this, is that which the practical engineer has to solve, and which, owing to a multiplicity of considerations, can in reality only be solved by experiment. There are, however, several leading considerations, a general apprehension of which should much facilitate the task.
When there is nothing to limit the firmness and stiffness that can be given to the frame and its supports in the directions in which the forces which arise from the inertia of the moving parts tend to move it, there is but little inconvenience arising from these forces. Thus in a stationary steam engine founded in the earth steadiness may be obtained by weight and solidity of foundations, almost the only drawback being the expense entailed and the space occupied.
But when an engine has to be carried by a floor or on any structure more or less elastic, then the case is different, and it becomes a question of the greatest importance in which direction disturbing forces will produce the least and in which the most harmful effect, it being desirable as far as possible to balance the forces in the latter direction at the expense of forces in other directions.
It is not, however, simply a question of stiffness, as it may happen from various reasons that equal forces caused by the revolution of the engine might do more harm, and under certain circumstances even cause greater disturbance in that direction in which the supports are stiffest. The consideration of the circumstances on which vibrations depend, as described